The authors examined the associations between dietary factors and the risk of duodenal ulcer in a prospective cohort of 47,806 men, aged 40-75 years, who were free of diagnosed gastric or duodenal ulcer or cancer. During 6 years of follow-up, they documented 138 newty diagnosed cases of duodenal ulcer. They found little evidence for an important effect of fat, type of fat, or protein intake. Higher consumption of fruits and vegetables was associated with lower risk of duodenal ulcer (relative risk (RR) = 0.67, 95% confidence interval (Cl) 0.39-1.15 for >7 servings per day vs. <3 servings per day) after adjustment for age, body mass index, smoking, and use of aspirin or other nonsteroidal anti-inflammatory drugs. Total dietary fiber intake was inversely associated with the risk of duodenal ulcer (RR = 0.55, 95% Cl 0.31-0.96 for men in the highest vs. the lowest quintile of dietary fiber). The soluble component of fiber was strongly associated with a decreased risk of duodenal ulcer (RR = 0.40,95% Cl 0.22-0.74 for the highest quintile). Several age-and energy-adjusted nutrients correlated with dietary fiber were also inversely related to the risk of duodenal ulcer, but vitamin A from all sources combined (including supplements and multivitamins) was the only nutrient that was statistically significant after adjustment for other risk factors (RR = 0.46, 95% Cl 0.23-0.91 for men in the highest vs. the lowest quintile of vitamin A intake).These findings provide evidence that vitamin A from all sources, as well as diets high in fruits and vegetables, may reduce the development of duodenal ulcer, possibly due to their fiber content. Although the associations appeared stronger for dietary fiber and vitamin A, the authors can not exclude the possibility that other closely correlated dietary factors may be the true protective factors. Am J Epidemiol 1997;145:42-50. diet; duodenal ulcer; fiber; prospective studies; vitamin A Duodenal ulcer is one of the most common disorders of the gastrointestinal tract. Earlier this century, there occurred a progressive increase in the incidence of duodenal ulcer in Western societies, then during the past 20-30 years a gradual decline has been seen (1). However, the decline has not been uniform. The incidence of duodenal ulcer varies among Western countries and sometimes within a country (2, 3). Currently, the incidence of duodenal ulcer is increasing rapidly in most of the developing world, while in the West it is continuing to decrease (4, 5). Despite this decline,
duodenal ulcer remains an important disease with similar rates in men and women (6) . About 300,000 new cases are diagnosed each year in the United States (6) . However, the decline has been more pronounced for uncomplicated duodenal ulcer than for ulcers complicated by hemorrhage or perforation (7) , and the death rate from duodenal ulcer has remained relatively constant at about 1/100,000 each year since 1980 (6, 8) .
It is still not clear why the frequency of duodenal ulcer increased in the first half of this century to be followed by a decline, but these changes emphasize the importance of nongenetic factors, such as changing levels of environmental ulcerogens or anti-ulcerogenic factor (9) . Recently, several reports (10-12) have provided evidence that infection with Helicobacter pylori increases the risk of duodenal ulcer. Possibly 75 to 100 percent of duodenal ulcer patients have evidence of H. pylori infection (12) . Despite the high prevalence of this infection, it is not known why only a small number of those infected eventually develop ulcers. This observation suggests that H. pylori infection is not sufficient to cause ulceration, and that other factors might also be of importance (12, 13) . Diet has long been suspected to be associated with duodenal ulcer-ation, and dietary differences have been cited to explain the geographic variation in this disease. A dietary role in the pathogenesis of duodenal ulcer is supported by studies in humans (14) (15) (16) (17) (18) (19) (20) (21) (22) as well as by animal studies (23, 24) . In most case-control studies, patients with duodenal ulcer have reported lower fiber intake or that duodenal ulcer heals faster with a high fiber diet. Some investigators (14, 17, 18) have suggested that the decline in incidence of peptic ulcer is explained by the coinciding increase in the consumption of linoleic acid from vegetable oil in the Western diet. However, the findings of case-control studies have mainly been concerned with the diet after the onset of symptoms. In addition, failure to control for potential risk factors, such as alcohol consumption, smoking, coffee drinking, body composition, physical activity, other dietary components, and use of nonsteroidal anti-inflammatory drugs and aspirin, limits the interpretation of most case-control studies (25) . Animal studies (23, 24) have suggested a protective role of vitamin A and vitamin E for duodenal ulcer, possibly by increasing mucosal resistance to injury.
We report here the results from a prospective study among US men of the associations between total dietary fiber, sources of fiber, fats (vegetable, animal, and linoleic acid), and other dietary components (vitamins A, C, and E) and the risk of duodenal ulcer.
MATERIALS AND METHODS

Study population
The Health Professionals Follow-up Study is a prospective study of heart disease and cancer among 51,529 US male health professionals, residing in 50 US states and aged 40-75 years in 1986. The study population consists of 29,683 dentists, 3,745 optometrists, 2,218 osteopathic physicians, 4,185 pharmacists, 1,600 podiatrists, and 10,098 veterinarians. The study began in 1986 when cohort members completed a detailed food-frequency questionnaire and provided information about medical history, age, weight, height, smoking, alcohol consumption, physical activity, medication use, and history of professionally diagnosed medical conditions. Every 2 years (1988, 1990, 1992) , follow-up questionnaires have been sent to update information on potential risk factors and to identify newly diagnosed cases of various diseases, including the diagnosis of duodenal ulcer.
We excluded from this analysis men who did not report an average daily energy intake of 3.35-17.6 MJ (800-4,200 Kcal), or who left blank 70 or more food items on the dietary questionnaire. In our detailed dietary validation study (26) , we found that the number of blanks on the questionnaire was not correlated with accuracy of reporting of diet. We also excluded men who reported previous cancer (other than nonmelanoma skin cancer), gastric ulcer, and duodenal ulcer prior to 1986. After these exclusions, the baseline population consisted of 47,806 men eligible for this analysis.
Dietary assessment
To assess dietary intake, we used a semiquantitative food-frequency questionnaire that has been validated in this cohort (26) . The questionnaire included 131 food items plus vitamins and mineral supplements that collectively account for over 90 percent of the absolute intake of the major nutrients consumed by this population. The subjects were asked about the frequency of consumption of a given unit or portion size for each food during the previous year (e.g., one apple or one slice of bread). There were nine possible responses ranging from "never" to "six or more times per day." We also inquired about the types of fat used for frying and baking and at the table. The intake of nutrients was computed by multiplying the consumption frequency of each unit of food by the nutrient of the specified portion. The values for dietary lipids were based on US Department of Agriculture sources (27) , and dietary fiber content of foods was derived from food composition data tables based on the Association of Official Analytical Chemists (AOAC) method (27, 28) . Data on soluble and insoluble fiber was available directly from some manufacturers, but was otherwise based on calculations from ingredients.
Identification of duodenal ulcer cases
Follow-up questionnaires were sent in 1988, 1990 , and 1992 to all study participants to ask whether duodenal ulcer had been diagnosed during the previous 2 years. After up to six mailings for each follow-up period, the response rate was 96 percent in 1988, 96 percent in 1990, and 94 percent in 1992. When duodenal ulcer was reported on the follow-up questionnaire, we sent a supplementary questionnaire to confirm the report and to ascertain the date of diagnosis, symptoms, procedure performed to confirm the diagnosis (e.g., barium study or endoscopy), and treatment. We also requested permission to review the patient's medical records to confirm the diagnosis. After reviewing the medical records, duodenal ulcer cases were considered confirmed only if the ulcer was newly diagnosed within our follow-up time, and if the diagnosis was confirmed by barium study or endoscopy. Probable cases which could not be confirmed because the medical records were unobtainable or incomplete, or because no procedure was done to confirm the diagnosis, were not considered in this analysis. We considered the cases ascertained during the 6 years of follow-up between February 1,1986 and January 31, 1992 . In the population eligible for analysis, we identified 138 newly diagnosed cases of duodenal ulcer.
Statistical analysis
Participants were categorized according to quintiles of intake of total fat and sources of fat (vegetable, animal, and linoleic acid), crude fiber, dietary fiber, sources of fiber (vegetable, cereal, leguminous, fruit, soluble, and insoluble), and specific micronutrients (such as vitamins A, C, and E). These dietary variables were computed by summing their relevant dietary or food sources as reported by the participants on the food-frequency questionnaire completed by the participants in 1986. We adjusted nutrient values for total energy intake by means of regression analysis (25, 29) to focus on the composition of diets rather than on absolute intake, which is a combination of composition and overall energy intake. Although not the primary reason for energy adjustment, this procedure also reduces variation caused by underreporting or overreporting of intake on the food-frequency questionnaire, thus improving the precision of nutrient measurement (25, 26) . Follow-up time was calculated as the number of months between February 1, 1986 and the date of diagnosis of duodenal ulcer, death, or January 31, 1992, whichever came first. The relative risk-the incidence among the men in different exposure categories divided by the corresponding rate in the reference category-was used as the measure of association (30) . Age-adjusted rates were calculated with the use of 5-year categories. The age distribution of the entire cohort was used to calculate the age-adjusted H Included raisins, avocados, bananas, cantaloupes, watermelon, apples, pears, oranges, grapefruits, strawberries, blueberries, peaches, apricots, plums, jam, pie fillings, and fruit juices.
# Included string beans, broccoli, sauerkraut, coleslaw, cauliflower, brussels sprouts, carrots, corn, peas, mixed vegetables, beans, cabbage, lentils, alfalfa sprouts, celery, mushrooms, zucchini, tofu, yellow squash, eggplant, yams, spinach, iceberg or romain lettuce, green pepper, garfic, tomatoes, tomato juice and sauce, red chill sauce, and kale or chard greens. ** Included beans, tofu, peanut butter, and nuts. tt Included cold breakfast cereal, cooked oatmeal, other cooked breakfast cereal, white bread, dark bread, English muffins, bagels, rolls, brown rice, white rice, pasta, other grains, pancakes, crackers, popcorn, brownies, cakes, pie crust, pastries, potatoes, and added bran.
rates. The Mantel extension test (31) was used to evaluate linear trends across categories of different dietary variables. In addition to the dietary variables mentioned, other confounding variables were modelled with multiple logistic regression. These variables included body mass index (weight (kg)/height (m) 2 ), smoking, and regular use of nonsteroidal anti-inflammatory drugs and aspirin. The p values are all twotailed, and for all relative risks, we calculated 95 percent confidence intervals (32) .
RESULTS
During 261,165 person-years of follow-up over a period of 6 years, 138 newly diagnosed duodenal ulcer cases were documented in this cohort. Energyadjusted intakes of crude and total dietary fiber were both inversely associated with the risk of duodenal ulcer (p for trend = 0.007 for crude fiber, and p for trend = 0.05 for dietary fiber) (table 1) .
Age-and energy-adjusted intakes of fruit, vegetable, and leguminous fiber were inversely associated with risk of duodenal ulcer (relative risks (RR) and 95 percent confidence intervals (Cl) for higher vs. lowest quintile: fruit fiber, 0.57, 0.31-1.05; vegetable fiber, 0.68, 0.41-1.13; leguminous fiber, 0.57, 0.33-0.97). Cereal fiber intake was associated with a modest increase with the risk of duodenal ulcer (table 1) . When we analyzed separately the sources of dietary fiber (fruits, vegetables, legumes, or cereals) in multivariate models including age, body mass index, smoking, and use of nonsteroidal anti-inflammatory drugs and aspirin, our findings for each source of dietary fiber did not change appreciably from those in the age-and energy-adjusted model (table 1) . When we included these sources of dietary fiber (fruits, vegetables, legumes, and cereals) simultaneously using the same multiple logistic regression model, our findings did not change substantially, particularly for leguminous fiber (RR and 95 percent Cl for the highest quintile: fruit fiber, 0.67, 0.37-1.21; vegetable fiber, 0.87, 0.51-1.50; leguminous fiber, 0.60, 0.35-1.05; cereal fiber, 1.49, 0.83-2.67). We also examined the relation of vegetable and fruit consumption as servings per day to risk of duodenal ulcer. Adjusting for other risk factors, we observed reduced risks of duodenal ulcer with higher intakes of these foods (RR and 95 percent CI for number of servings per day vs. <3 servings per day: 3-5 servings per day, 0.87, 0.52-1.45; 5-7 servings per day, 0.84, 0.49-1.42; >7 servings per day, 0.67, 0.39-1.15).
Age-and energy-adjusted intake of soluble and insoluble fiber were both inversely associated with risk of duodenal ulcer, but the association was stronger for soluble fiber (table 1). Our finding did not change appreciably with multivariate adjustment. However, when we included soluble and insoluble fiber simultaneously in the multivariate model, the association with soluble fiber did not change appreciably, but that with insoluble fiber was eliminated (RR and 95 percent CI for the highest quintile: soluble fiber, 0.36, 0.16-0.79; insoluble fiber, 1.11, 0.53-2.35).
Several micronutrients, particularly those associated with fiber intake (e.g., folic acid, vitamins Bl and B2, and potassium), were inversely related to the risk of duodenal ulcer (table 2). These micronutrients were computed from their respective food sources and/or multivitamins and supplements use. When each of these nutrients and energy-adjusted dietary fiber were Prospective Study of Diet and Duodena) Ulcer in Men 47 entered in a multivanate model adjusting for other risk factors, the inverse association of dietary fiber and duodenal ulcer was not appreciably altered, whereas the associations for these nutrients were generally attenuated. In our data, age-and energy-adjusted vitamin C intake was not associated with a decreased risk of duodenal ulcer, while vitamin E and vitamin A were both inversely associated with the risk of duodenal ulcer (table 2) . When we analyzed separately vitamin A and vitamin E in multivariate models including age, energy-adjusted dietary fiber, body mass index, smoking, and use of nonsteroidal anti-inflammatory drugs and aspirin, our findings for each vitamin did not change appreciably from those in the age-and energyadjusted model (table 2) . When we included these two vitamins simultaneously using the same multiple logistic regression model, the inverse association for vitamin E was attenuated while that for vitamin A was not materially altered (RR and 95 percent Cl for the highest quintile: vitamin E, 0.72, 0.41-1.27; vitamin A, 0.50, 0.24-1.06). We therefore examined the various sources of vitamin A in relation to the risk of duodenal ulcer. Age-and energy-adjusted retinol, carotenoids, and beta-carotene were inversely associated with the risk of duodenal ulcer (RR and 95 percent Cl for the highest quintile: retinol, 0.74, 0.42-1.31; carotenoids, 0.55, 0.30-1.00; beta-carotene, 0.49, 0.26-0.93). However, when we also adjusted for energy-adjusted dietary fiber, smoking, body mass index, and use of nonsteroidal anti-inflammatory drugs and aspirin, the association for retinol was not appreciably altered while the associations for carotenoids and beta-carotene were attenuated (RR and 95 Relative risk (RR) of duodenal ulcer by quintiles of total fat, vegetable fat, * Adjusted for age and total energy. t Cl, confidence interval. X Adjusted for age, energy-adjusted dietary fiber, body mass index, smoking, and use of nonsteroidal anti-inflammatory drugs and aspirin. 1) Test for trend was calculated by using the median intake of nutrients in each quintile as a continuous variable in a multiple logistic regression.
exclusively from use of multivitamins and supplements was associated with a nonsignificant lower risk of duodenal ulcer (RR = 0.83, 95 percent Cl 0.55-1.25 for the highest category).
For age-and energy-adjusted total fat intake, the relative risk in the highest quintile was elevated compared with men in the lowest quintile (table 3) ; however, the association with total fat was substantially attenuated by multivariate adjustment. Animal fat and vegetable fat were not associated with an increased risk of duodenal ulcer, but we observed a weak positive association for linoleic acid intake with the risk of duodenal ulcer (table 3) . A nonsignificant inverse association was seen with total protein (animal and vegetable) intake (RR = 0.67, 95 percent Cl 0.39-1.14 for the highest intake).
We also examined specific foods in relation to the risk of duodenal ulcer. Of the 131 foods included in the questionnaire, several foods were either marginally or significantly (p for trend < 0.05) associated with duodenal ulcer, either positively or inversely. Among the positive associations were those with bacon, hot dogs, and cold cereal. Inverse trends were seen for apples, yams, and liver; these contributed to the inverse associations of fiber and vitamin A with the risk of duodenal ulcer.
To reduce the possibility that the association we observed with dietary fiber was due to recent dietary changes related to abdominal symptoms associated with duodenal ulcer, we excluded 45 cases diagnosed in the first 2 years of follow-up. Thus, 93 cases remained for this subanalysis. In the subanalysis, the relation between dietary fiber and the risk of duodenal ulcer was not materially different from that in the main analysis that included all 138 cases (RR for dietary fiber = 0.54, 95 percent Cl 0.29-1.01).
DISCUSSION
These prospective data suggest that a high intake of dietary fiber reduces the risk of duodenal ulcer, and that higher intake of vitamin A from all sources may reduce the risk of duodenal ulcer. To our knowledge, fiber and other dietary components have been examined prospectively in only one previous study of duodenal ulcer-a study among American men of Japanese ancestry in Hawaii (20) , which used a rather limited dietary assessment method.
In our data, fiber from fruits, vegetables, and leguminous sources, but not cereal fiber, was associated with a reduced risk of duodenal ulcer. Despite the widely held belief of a beneficial effect of fiber on gastrointestinal functions, only a few studies (33) (34) (35) (36) have addressed the effect of dietary fiber on the upper gastrointestinal functions. The liquid phase of a meal is emptied more rapidly into the duodenum in patients with duodenal ulcer compared with controls (33) . Dietary fiber might delay this rapid emptying of the liquid phase, which might explain its apparent benefit (33) (34) (35) . In our data, soluble and insoluble fiber were both inversely associated with the risk of duodenal ulcer, but this association was particularly strong for soluble fiber. This finding might explain the stronger inverse association observed for leguminous fiber than for fruit and vegetable fiber. In several experimental studies (36) (37) (38) (39) , large amounts of gel polysaccharides such as guar gums and pectin delayed gastric emptying of meals. Whether the delay in gastric emptying for gel fiber is due to increased viscosity or due to the composition of the meal itself needs to be explored.
We observed a lower risk of duodenal ulcer with higher intake of vitamin A from all sources. We found a moderate reduction in the risk of duodenal ulcer with increasing intake of dietary vitamin A, both from its animal and plant sources. In an animal study (24) , vitamin A increased the production of mucous by the stomach and duodenum, and dietary supplementation with vitamin A decreased the incidence of ulcers induced by stress and aspirin. The effect of vitamin A did not appear to be due to an influence on gastric acid production, and it has been suggested that this nutrient might prevent duodenal ulcer formation by increasing mucosal resistance to injury possibly through increasing mucous production (24) . It has been argued (40) that the ulcer pathophysiology has two sides, a gastric acid attack and a mucosal defence that is affected by several elements, and that an impaired mucosal defence is more crucial to the formation and recurrence of an ulcer.
In our data, higher intake of linoleic acid was not associated with reduced risk of duodenal ulcer as some have suggested. Several studies (17, 41) have reported that duodenal ulcer patients have lower levels of linoleic acid in adipose tissue compared with controls. Linoleic acid is a precursor for prostaglandin synthesis, and some have suggested that the beneficial effect of prostaglandin on the occurrence of duodenal ulcer is through its cytoprotective function on the gastrointestinal tract. However, a number of studies (42) (43) (44) have shown that increased intake of dietary linoleic acid does not increase the concentration of the eicosanoid precursor, arachidonic acid, in membrane phospholipid.
Our study has some limitations. We could not exclude asymptomatic cases from noncases, but the effect of these cases should be minimal, because the prevalence of asymptomatic cases is estimated to be around 1.0 percent (7, 45) . We did not have information about the history of H. pylori infection in this cohort. Considering that this infection is expected to be highly prevalent among cases and noncases, it is unlikely that the association that we observed is confounded by this infection. However, future studies should explore any possible interaction between dietary factors with H. pylori infection. As has been recently suggested (10, 46, 47) , there is a need to determine whether H. pylori can directly injure the mucosa or facilitates mucosal injury by host factors, including an immune or inflammation response to the organism. In our study, we had no information about blood groups or family history of duodenal ulcer.
Biased recall of diet was unlikely, because the dietary intake data were collected before the diagnosis of duodenal ulcer. We have adjusted for non-dietary risk factors such as age, body mass index, smoking, and use of nonsteroidal anti-inflammatory drugs and aspirin. The socioeconomic status of the participants was relatively uniform due to the nature of our population of male health professionals. We recognize that in this, as in almost every study, some degree of misclassification of dietary intake is inevitable. However, the prospective design of this study means that any misclassification would be random with regard to case status and should tend to obscure rather than create associations. We observed a substantially lower risk of duodenal ulcer among men with higher consumption of fruits and vegetables. Although the associations appeared stronger for dietary fiber and vitamin A, we can not exclude the possibility that other closely correlated dietary factors may be the true protective factors. Our findings are most directly generalizable to US men aged 40 years and older, but we have no reason to believe that the associations we observed in men would be different for women considering the current similar incidence of duodenal ulcer in men and women. Our findings provide evidence that vitamin A from all sources may reduce the development of duodenal ulcer, as may diets high in fruits and vegetables, possibly due to their fiber content.
